Abstract-
INTRODUCTION
For the objective is to supply a three-phase motors from single-phase ac mains many solutions have been proposed [1] - [3] . It is quite common to have only a single phase power grid in residential, commercial, manufacturing, and mainly in rural areas, while the adjustable speed drives may request a threephase power grid. Usually a full-bridge topology employs single-phase to three-phase ac-dc-ac conversion, whose block diagram is shown in Fig. 1 . For the power capability, reliability, efficiency, and redundancy improvement the parallel converters have been used. Parallel converter techniques can be employed to improve the performance of active power filters [4] - [6] , uninterruptible power supplies (UPS) [7] - [8] , fault tolerance of doubly fed induction generators [9] , and three-phase drives [10] , [11] . Usually the operation of converters in parallel requires a transformer for isolation. However, weight, size, and cost associated with the transformer may make such a solution undesirable [12] . When an isolation transformer is not used, the reduction of circulating currents among different converter stages is an important objective in the system design. The single-phase to three-phase drive system composed block diagram is shown in Fig. 2 . The proposed system is conceived to operate where the single-phase utility grid is the unique option available. Compared to the conventional topology, the proposed system permits: to reduce the rectifier switch currents; the total harmonic distortion (THD) of the grid current with same switching frequency or the switching frequency with same THD of the grid current; and to increase the fault tolerance characteristics. In addition, the losses of the proposed system may be lower than that of the conventional counterpart. The aforementioned benefits justify the initial investment of the proposed system, due to the increase of number of switches.
I.

Fig.2 Three Phase Induction Motor Drive System Using Two
Parallel Single Phase Rectifiers.
In this paper, a single-phase to three-phase drive system composed of two parallel single-phase rectifiers and a threephase inverter is proposed, as shown in Fig. 2 system is conceived to operate where the single-phase utility grid is the unique option available. Compared to the conventional topology, the proposed system permits: to reduce the rectifier switch currents; the total harmonic distortion (THD) of the grid cur-rent with same switching frequency or the switching frequency with same THD of the grid current; and to increase the fault tolerance characteristics. In addition, the losses of the proposed system may be lower than that of the conventional counterpart. The aforementioned benefits justify the initial investment of the proposed system, due to the increase of number of switches. The redundancy of the rectifier converter can be useful in faulttolerant systems in proposed system presents.
The compensation for open-circuit and short-circuit failures occurring in the rectifier or inverter converter devices can provided by the proposed system. The fault compensation is achieved by reconfiguring the power converter topology with the help of isolating devices (fast active fuses) and connecting devices.
II. SYSTEM MODEL
The system proposes a single-phase to three-phase conversion system that improves the local power quality for linear and nonlinear loads, and guarantees unity power factor at the singlephase feeder. The system is shown in Fig. 3 .
|
Fig 3. Single phase to three phase conversion system.
The control strategy aim is to produce a grid current that results in unity power factor. Both amplitude and phase of the ac three-phase bus voltage must be adjusted as the voltage at the single-phase feeder can vary, , as shown in Fig. 4 .
Fig. 4. Phasorial diagram.
The reactor that connects the grid to the three-phase bus is designed considering the feeder power rating [12] . The operation point is calculated considering the active load power ( , average power) and the actual source voltage ( , RMS value), as indicated by For three-phase voltage source inverter (VSI) the inverter can be governed by using an adequate pulse width modulation (PWM) strategy [11] . To control the dc-link voltage and to guarantee the grid power factor close to one is the objective of the rectifier circuit of the proposed system. Moreover, the circulating current in the rectifier of the proposed system needs to be controlled. In this way, the dc-link voltage is adjusted to reference value using the controller, which is a standard PI type controller. To control power factor and harmonics in the grid side, the instantaneous reference current must be synchronized with voltage, as given in the voltage-oriented control (VOC) for three-phase system [22] . The harmonic distortion of the converter voltages by using the weighted THD (WTHD) can be evaluated as:
III.
CONTROL STRATEGY When the single-carrier PWM is used, the behavior of WTHD of the proposed system is similar to that of conventional one. When the double-carrier PWM is used the WTHD is also the same for both configurations. However, the WTHD of the proposed system is lower than that of the conventional one. The WTHD of the proposed topology (double-carrier) is close to 63% of that of the conventional topology. The study has also shown that it is possible to reduce the switching frequency of the proposed system in 60% and still have the same WTHD of the standard configuration. A. AC Current Control An internal current loop employs another PI controller to reduce the converter output impedance and guarantees a good dynamic performance to the system. The closed loop cut-off frequency of the current PI controller was chosen one decade below the sampling frequency so that the current PI still has a good compensation capability in the frequency range of interest. To improve this capability, a feed forward of the reference voltage could be used to compensate the residual error in the closed loop gain at low frequencies. B. AC Voltage Control Due the digital implementation and to the need for a reduced switching and sampling frequency (as required by the converter power rating) the voltage controller exhibits a low regulation bandwidth (a few hundred Hertz). To cope with that and provide good control of the output voltage fundamental harmonic component a tuned resonant filter and a feed forward of the capacitive current are put in parallel to the conventional voltage regulator, so as to boost the loop gain at the fundamental frequency. 
II.
It is possible to obtain the power flow at the single-phase feeder, when unity power factor is assumed. This is given by Then DC link power flow will be
As the dc link voltage should be almost constant, a relatively large dc link capacitor will be used (4700 F). In other words, assume that variations only take place in the dc link current, according to (7) The variation of can then be expressed as Neglecting load power variations (considered as a Substituting (7) and (9) into (10), the relation between a small angle variation and the dc link current variation can be found
IV.
LOSSES AND EFFICIENCY Through regression model the evaluation of the rectifier losses is obtained presented in [23] . The switch loss model includes: 1) IGBT and diode conduction losses; 2) IGBT turn-ON losses; 3) IGBT turn-OFF losses; and 4) diode turn-OFF energy. Since the inverter side of converter is the same for the proposed and standard configurations, the loss evaluation takes into account just the rectifier circuit.
If the rectifiers will operate with a switching frequency equal to 5 kHz, the conduction and switching losses of the proposed topology will be 70% and 105 with respect to the corresponding losses of the conventional topology. Consequently, in this case, the total loss of the proposed topology will be smaller than that of the conventional topology. Especially for the proposed topology that has a high number of switches, the increase of the switching frequency will not change the conduction losses of both topologies, but will increase their switching losses.
The efficiency of the topologies operating with a switching frequency equal to 10 kHz and 5 kHz are being evaluated by experimental measurement with a 2 kW load.
V. COSTS AND APPLICATIONS OF CONFIGURATION
The proposed system will require higher initial investment than that of the standard one, since the number of switches and de-vices such as fuses and triacs is higher. But, considering the scenario when faults may occur, the drive operation needs to be stopped for a non-programmed maintenance schedule. The cost of this schedule can be high. Hence, this confirms the high initial investment underlying of fault-tolerant motor drive systems. On the other hand if the THD or losses of the conventional system is a critical factor, the initial investment can be justified. Furthermore, the cost of power switches has decreased substantially. This permits without increasing the final price of converter dramatically to employ extra switches. As per the conventional configuration (rural or remote application) the proposed system can be used in the same applications, especially when the THD of the grid current, fault tolerance and efficiency of converter are critical issues. In Brazil, it is quite common to have a single-phase distribution system and a demand to supply a three-phase motor. In the distributed generation system a single-phase to three-phase converter with bidirectional flux in the rectifier circuit has been required.
VI.
CONCLUSION A single-phase to three-phase drive system composed of two parallel single-phase rectifiers, a three-phase inverter and an induction motor has been proposed. Two parallel rectifiers without the use of transformers combined in the system. The system model and the control strategy, including the PWM technique, have been proposed.
The complete comparison between the proposed and standard configurations will be carried out. The proposed system permits to reduce the rectifier switch currents, the THD of the grid current with same switching frequency or the switching frequency with same THD of the grid current and to increase the fault tolerance characteristics compared to the conventional topology. Moreover , the losses of the proposed system may be lower than that of the conventional counterpart.
A line-interactive single-phase to three-phase conversion system presented is suitable for sensitive loads because it guarantees the three-phase power quality that means: sinusoidal, balanced, and symmetrical voltages even with nonlinear and unbalanced loads. A three-phase inverter is controlled in order to stabilize the three-phase voltage while absorbing current from the single-phase feeder, under unity power factor. Experimental results on a 3-kVA system confirm the expectations.
